
Serial No. 09/528,014 

Appendix A 

Version With Markings to Show Changes Made 

Page 1 of 10 

In reference to the amendments made herein to claims 1-14 and 17, additions 
appear as underlined text, while deletions appear as bracketed text, as indicated below: 

In the Claims: 

1 . (Amended) A method for identifying one or more low abundance 
sequences differing by one or more single-base changes, insertions, or deletions, from a high 
abundance sequence in a sample containing a plurality of target nucleotide sequences 
comprising: 

providing a sample potentially containing one or more low abundance target 
nucleotide sequences with at least one sequence difference each from the high abundance 
target sequences; 

providing a primary oligonucleotide primer set characterized by (a) a first 
oligonucleotide primer containing a target-specific portion, and (b) a second oligonucleotide 
primer containing a target-specific portion, wherein the primary oligonucleotide primers [are 
suitable for hybridization on] hybridize to complementary strands of [a corresponding] high 
and low abundance target nucleotide sequences to permit formation of a polymerase chain 
reaction product, but have a mismatch which interferes with formation of such a polymerase 
chain reaction product when hybridized to any other nucleotide sequence present in the 
sample; 

providing a polymerase; 

blending the sample, the primary oligonucleotide primers, and the polymerase 
to form a primary polymerase chain reaction mixture; 

subjecting the primary polymerase chain reaction mixture to two or more 
polymerase chain reaction cycles [comprising a denaturation treatment, wherein hybridized 
nucleic acid sequences are separated, a hybridization treatment, wherein the target-specific 
portions of the primary oHgonucleotide primers hybridize to the target nucleotide sequences, 
and an extension treatment, wherein the hybridized primary oligonucleotide primers are 
extended to form primary extension products complementary to the target nucleotide 
sequence to which the primary oHgonucleotide primer is hybridized]; 
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providing a secondary oligonucleotide primer set characterized by (a) a first 
oligonucleotide primer, having a target-specific portion and a 5' upstream secondary primer- 
specific portion, and (b) a second oligonucleotide primer, having a target-specific portion and 
a 5' upstream secondary primer-specific portion, wherein the secondary oligonucleotide 
primers in a particular set [are suitable for hybridization on] hybridize to complementary 
strands of the primary extension products to permit formation of a secondary polymerase 
chain reaction product which contains or creates a restriction endonuclease recognition site 
when amplifying the high abundance target, but does not contain or create a restriction 
endonuclease recognition site when amplifying the one or more low abundance targets; 

providing a polymerase; 

blending the primary extension products, the secondary oligonucleotide 
primers, and the polymerase to form a secondary polymerase chain reaction mixture; 

subjecting the secondary polymerase chain reaction mixture to two or more 
polymerase chain reaction cycles [comprising a denaturation treatment, wherein hybridized 
nucleic acid sequences are separated, a hybridization treatment, wherein the secondary 
oUgonucleotide primers hybridize to the primary extension products, an extension treatment, 
wherein the hybridized secondary oligonucleotide primers are extended to form secondary 
extension products complementary to the primary extension products,] wherein high 
abundance secondary extension products contain a restriction site but low abundance 
secondary extension products do not; 

providing a restriction endonuclease; 

blending the secondary extension product and the restriction endonuclease to 
form an endonuclease digestion reaction mixture; 

subjecting the endonuclease digestion reaction mixture to an endonuclease 
digestion reaction such that the restriction endonuclease recognizes and cleaves the restriction 
endonuclease recognition site contained within or created when ampUfying the high 
abundance target but not the low abundance target in the secondary extension products, thus 
selectively destroying the high abundance secondary extension products; 

providing a tertiary oligonucleotide primer set characterized by (a) a first 
tertiary primer containing the same sequence as the 5' upstream portion of the first 
oligonucleotide primer of the secondary oligonucleotide primer set, and (b) a second tertiary 
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primer containing the same sequence as the 5' upstream portion of a second oligonucleotide 
primer of the secondary oligonucleotide primer set, wherein the set of tertiary oligonucleotide 
primers [may be used to amplify all of] are amplification primers for amplification of all the 

secondary extension products; 

blending the secondary extension products, the tertiary oligonucleotide primer 

set, and the polymerase to form a tertiary polymerase chain reaction mixture; 

subjecting the tertiary polymerase chain reaction mixture to two or more 
polymerase chain reaction cycles [comprising a denaturation treatment, wherein hybridized 
nucleic acid sequences are separated, a hybridization treatment, wherein the tertiary 
oligonucleotide primers hybridize to the secondary extension products, an extension 
treatment, wherein the hybridized tertiary oligonucleotide primers are extended to form 
tertiary extension products complementary to the secondary extension products]; 

providing a plurality of oligonucleotide probe sets, each set characterized by 
(a) a first oligonucleotide probe, having a tertiary extension product-specific portion and a 
detectable reporter label, and (b) a second oligonucleotide probe, having a tertiary extension 
product-specific portion, wherein the oligonucleotide probes in a particular set [are suitable 
for ligation] ligate together when hybridized adjacent to one another on a complementary 
tertiary extension product-specific portion, but have a mismatch which interferes with [such] 
said ligation when hybridized to any other nucleotide sequence present in the sample; 

providing a ligase; 

blending the tertiary extension product, the plurality of oligonucleotide probe 
sets, and the ligase to form a ligase detection reaction mixture; 

subjecting the ligase detection reaction mixture to one or more ligase detection 
reaction cycles comprising a denaturation treatment, wherein any hybridized oligonucleotides 
are separated ft-om the tertiary extension products, and a hybridization treatment, wherein the 
oligonucleotide probe sets hybridize at adjacent positions in a base-specific manner to their 
respective tertiary extension products, if present, and ligate to one another to form a ligation 
product sequence containing (a) the detectable reporter label and (b) the tertiary extension 
product-specific portions connected together, wherein the oligonucleotide probe sets may 
hybridize to nucleotide sequences other than their respective complementary tertiary 
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extension products but do not ligate together due to a presence of one or more mismatches 
and individually separate during the denaturation treatment; and 

detecting the reporter labels of the ligation product sequences, thereby 
[indicating] identifying the presence of one or more low abundance target nucleotide 
sequences in the sample. 

2. (Amended) A method according to claim 1 , wherein the 
oligonucleotide probes in ^ [a particular] oligonucleotide probe set have a unique length [so 
that] whereby the ligation product sequences which they form [can be] are distinguished from 
other [nucleic acids] ligation product sequences, said m ethod comprising: 

separating the ligation product sequences by electrophoretic mobility prior to 

said detecting and 

distinguishing, after said detecting, the ligation product sequences which differ 
in electrophoretic mobility. 

3. (Amended) A method according to claim 1 , wherein the second 
oligonucleotide probe of each oligonucleotide probe set [has] further comprises an 
addressable array-specific portion, said method further comprising: 

providing a solid support [with different capture oligonucleotides immobilized 
at different particular sites wherein the capture oligonucleotides have nucleotide sequences 
complementary to the addressable array-specific portions ] comprising an array of address- 
specific capture oligonucleotides , and 

contacting the ligase detection reaction mixture, after said subjecting it to one 
or more ligase detection reaction cycles, with the solid support [under conditions effective] to 
hybridize the ligation product sequences to the capture oligonucleotides in a base-specific 
manner, thereby capturing the addressable array-specific portions to the solid support at the 
site with the complementary capture oligonucleotide, wherein said detecting [indicates] 
identifies the presence of ligation product sequences captured using the addressable array- 
specific portions and immobilized to the solid support at particular sites, thereby [indicating] 
identifi/ing the presence of one or more target nucleotide sequences in the sample. 
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4. (Amended) A method according to claim 1 [, wherein the relative 
amounts of one or more of a low abundance sequence, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in unknown amounts 
with one or more high abundance sequence in a plurality of target nucleotides, are quantified, 
said method] further comprising: 

quantifying[, after said subjecting the primary polymerase chain reaction 
mixture to one or more polymerase chain reaction cycles, the amounts of primary extension 
products;] the amount of the low abundance sequence, wherein said quantifying comprises: 

providing a known amount of one or more marker target nucleotide sequences 

as an intemal standard ; 

providing one or more intemal standard sequence-specific oligonucleotide 
probe sets[, including probe sets] specifically designed for hybridization to the intemal 
standard, [the marker target nucleotide sequences,] wherein the intemal standard sequence- 
specific oligonucleotide probe sets have (Da first oligonucleotide probe with a target- 
specific portion complementary to the marker target nucleotide sequence, and (2) a second 
oligonucleotide probe with a target-specific portion complementary to the marker target 
nucleotide sequence and a detectable reporter label ; 

blending the intemal standard [marker target nucleotide sequences], and the 
intemal standard sequence-specific probe sets [specifically designed for the marker target 
nucleotide sequences] with the ligase detection reaction mixture; ^id 

quantifying the amount of ligation product sequences[; and] by 

comparing the amount of ligation product sequences generated from the 
unknown low abundance sample to [with] the amount of ligation product sequences 
generated fi-om said intemal standard [known amounts of marker target nucleotide sequences] 
to provide a quantitative measure of [the relative level of] one or more low abundance target 
nucleotide sequences in the sample. 

5. (Amended) A method according to claim 4, wherein [the relative 
amounts of] one or more [of a] low abundance sequence[, differing by one or more single- 
base changes, insertions, deletions, or translocations and present in a sample in unknown 
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amounts] is present in less than a 1 : 1,000 molar ratio relative to the amount of the high 
abundance sequence present in [a plurality of target nucleotides] the sample . 

6. (Amended) A method according to claim 4, wherein [the relative 
amounts of] one or more [of a] low abundance sequence[, differing by one or more single- 
base changes, insertions, deletions, or translocations and present in a sample in unknown 
amounts] is present in less than a 1 : 10,000 molar ratio relative to the amount of the high 
abundance sequence present in [a plurality of target nucleotides] the sample. 

7. (Amended) A method according to claim 4, wherein [the relative 
amounts of] one or more [of a] low abundance sequence[, differing by one or more single- 
base changes, insertions, deletions, or translocations and present in a sample in unknown 
amounts] is present in less than a 1 : 100,000 molar ratio relative to the amount of the high 
abundance sequence present in the sample. 

8. (Amended) A method according to claim 1 , wherein [the efficiency 
and accuracy of converting the high abundance primary polymerase chain reaction product 
into a secondary polymerase chain reaction product containing a restriction endonuclease site 
is improved by performing the following step] prior to providing the secondary 
oligonucleotide primer se t, said method comprises: 

providing a pre-secondary oligonucleotide primer set characterized by (a) a 
first oligonucleotide primer, having a target-specific portion, and (b) a second oligonucleotide 
primer, having a target-specific portion, wherein the target-specific portions are identical or 
substantially identical to the secondary oligonucleotide primer set but at least one primer 
contains one or more nucleotide analogs, wherein the oligonucleotide primers in a particular 
pre-secondarv oligonucleotide primer set [are suitable for hybridization on] hybridize to 
complementary strands of the primary extension products to [permit formation of] form a 
pre-secondary polymerase chain reaction product which contains one or more nucleotide 
analogs and opposite strand base changes, wherein the pre-secondary oligonucleotide primer 
set facilitates conversion of the primary polymerase chain reaction product sequence into a 
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resMCion endo™de..e recognition site in .he subsequent secondary polymerase ehain 

reaction; 

providing a polymerase; 

Wending the primary extension produets, the pre-secondary oligonudeCde 

f„rm » nre-secondary polymerase chain reaction mixttre, 
primers, and the polymerase to form a pre seconoary p y „,„ to two or 

subjecting the Ere:secondary polymerase chain reaCon mixture to two or 
,„o,e polyme.se chain reaction cycles comprising a denaturation treatment, wher.n 
hybridi Jnucleic acid sequenees are separate, a hybridization treaUnent. wheretn the 
lly oligonucleotide primers hybridise to the primary extension products an _ 
Z^Z whLn .he hybridized secondary oHgonucl^tide primers are extended to fo^r 
~ dary extension products complementary to the primary extension products, where 
: r^^dary extension products contain one or more nucleotide analogues and oppos-te 
xneprcsc J „f*v,<>r.riTnarvt)olvmerase chain reaction 

=tr«nd base changes which facilitate conversion of the primary poiyme 
"1 sCce into a resection endonuclease recognition site in the subse<,ue„. sec^nd^ 
C J Chain reaction, wherein the pre-secondary extension products are th» use^^. 
pjof the primary extension products in the secondary polymerase chatn e. 

-"-lonucleasf improved. 

9 (Amended) A method according to claim 8, wherein the 
oligonucleotide probes in [a particular, ^ oligonucleotide probe set have — 
Z » *e ligation product sequences which they form [can be, ^ drstm^tshed 

other [nucleic acids, U^&!U.mdB«..«^^ii^'^^ . ,„ 

separating the ligation product sequences by electrophorCc mobrhty pnor 

" linguishin. after said detecting, the ligation product sequences which differ 

in electrophoretic mobility. 
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1 0. (Amended) A method according to claim 8, wherein the second 
oligonucleotide probe of each set [has] further comprises an addressable array-specific 
portion, said method further comprising: 

providing a solid support [with different capture oligonucleotides immobilized 
at different particular sites, wherein the capture oligonucleotides have nucleotide sequences 
complementary to the addressable array-specific portions] comprising an array of address- 
specific capture oligonucleotides and 

contacting the ligase detection reaction mixture, after said subjecting it to one 
or more ligase detection reaction cycles, with the solid support [under conditions effective] to 
hybridize the ligation product sequences to the capture oligonucleotides in a base-specific 
manner, thereby capturing the addressable array-specific portions to the solid support at the 
site with the complementary capture oligonucleotide, wherein said detecting [indicates] 
identifies the presence of ligation product sequences captured using the addressable array- 
specific portions and immobilized to the solid support at particular sites, thereby [indicating] 
identifying the presence of one or more target nucleotide sequences in the sample. 

1 1 . (Amended) A method according to claim 8 [, wherein the relative 
amounts of one or more of a low abundance sequence, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in unknown amounts 
with one or more high abundance sequence in a plurality of target nucleotides, are quantified, 

said method] further comprising: 

quantifying[, after said subjecting the primary polymerase chain reaction 
mixture to one or more polymerase chain reaction cycles, the amounts of primary extension 
products;] the amount of the low abundance sequence, wherein said quantifying comprises: 

providing a known amount of one or more marker target nucleotide sequences 

as an intemal standard ; 

providing one or more intemal standard sequence-specific oligonucleotide 
probe sets[, including probe sets] specifically designed for hybridization to the intemal 
standard, [the marker target nucleotide sequences,] wherein the intemal standard sequence- 
specific oligonucleotide probe sets have (1) a first oligonucleotide probe with a target- 
specific portion complementary to the marker target nucleotide se quence, and (2) a second 
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oligonucleotide probe with a target-specific portion complementary to the marker target 

nucleotide sequence and a detectable reporter label ; 

blending the intemal standard [marker target nucleotide sequences,] and the 

intemal standard sequence-specific probe sets [specifically designed for the marker target 

nucleotide sequences] with ttie ligase detection reaction mixture; and 

quantifying the amount of ligation product sequences[; and] by 
comparing the amount of ligation product sequences generated fi-om the 

unknown low abundance sample to [with] the amount of ligation product sequences 

generated fi-om said intemal standard [known amounts of marker target nucleotide sequences] 

to provide a quantitative measure of [the relative level of] one or more low abundance target 

nucleotide sequences in the sample. 

12. (Amended) A method according to claim 11, wherein [the relative 
amounts of] one or more of a low abundance sequence[, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in unknown amounts] 
is present in a molar ratio of than less than 1 : 1,000 relative to the amount of the high 
abundance sequence in the sample. 

13. (Amended) A method according to claim 1 1, wherein [the relative 
amounts of] one or more of a low abundance sequence[, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in unknown amounts] 
is present in a molar ratio of less than 1 : 10,000 relative to the amount of the high abundance 
sequence in the sample. 

14. ( Amended) A method according to claim 11, wherein [the relative 
amounts of] one or more of a low abundance sequence[, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in unknown amounts] 
is present in a [ratio] molar ratio of less than 1 : 100,000 relative to the amount of the high 
abundance sequence in the sample. 



17. (Amended) A method according to claim 1 further comprising: 
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[repeating the endonuclease digestion reaction after said subjecting the tertiary 
polymerase chain reaction mixture to two or more polymerase chain reaction cycles and after 
said subjecting the ligase detection reaction mixture to one or more ligase detection reaction 
cycles,] blending the ligation product sequences and the restriction endonuclease, wherein 
[during said repeating the endonuclease digestion reaction,] the restriction endonuclease 
recognizes and cleaves the restriction endonuclease recognition site contained within any 
remaining high abundance target, thereby selectively destroying the high abundance tertiary 
extension products. 



